Background and Objectives: Little is known about the consequences of asthma on
| INTRODUCTION
Asthma is a chronic inflammatory disease of the airways that is estimated by the World Health Organization to affect~300 million people worldwide. 1 According to the 2015 Global Initiative for Asthma, the degree to which physical activity is limited should be considered when assessing asthma control. 1 Physical activity is an important clinical parameter related to morbidity and mortality in many chronic diseases, 2, 3 and higher levels of physical activity are associated with better lung function in asthma patients. 4 However, a recent review suggests that individuals with asthma are less likely than healthy subjects to engage in physical activity, despite its beneficial effects on symptom management, lung function, and mental health; conversely, physical inactivity was found to be associated with negative health consequences. 5 Patients with chronic obstructive pulmonary disease (COPD) also have low levels of physical activity, but this is not reflected in the clinical characteristics commonly used to determine disease severity. 6, 7 Few studies have objectively evaluated daily life physical activity (DL PA ) levels in patients with asthma. Recently, Bahmer et al 8 and Cordova-Rivera et al, 9 using objective DL PA parameters, also reported that physical activity was reduced in severe asthma patients. van't Hul et al studied a large group of adults with bronchial asthma and found lower than average values for the number of steps per day, total energy expenditure (EE), and time spent in intensive physical activity; however, the study did not include patients with severe asthma. 10 In contrast, Sousa et al found no correlation between DL PA and asthma severity in children;
indeed, DL PA levels were similar for children with good asthma control and those without asthma. 11 With these studies in mind, we sought to identify some of the factors, including anxiety and depression, that might influence DL PA in adult patients with severe or mild/moderate asthma. We examined the relationships between DL PA and the results of pulmonary function tests, the 6-minute walk test (6MWT), and of four questionnaires:
the asthma control test (ACT), asthma quality of life questionnaire (AQLQ), modified Medical Research Council (mMRC) dyspnea questionnaire, and the hospital anxiety and depression scale (HADS) questionnaire.
2 | METHODS
| Patients
We enrolled 51 consecutive patients with asthma (28 mild/moderate, 23 severe) who were referred to our hospital between December 2013 and January 2015 for routine follow-up. Severe asthma was defined as "asthma which requires treatment with high dose inhaled corticosteroids plus a second controller (and/or systemic corticosteroids) to prevent it from becoming 'uncontrolled' or which remains 'uncontrolled' despite this therapy." 12 The control group included 36
healthy subjects who were students or relatives of employees at the hospital. All control subjects had normal spirometry results. None of the patients or control subjects was engaged in exercise training programs prior to the study. All individuals gave informed consent.
Approval for the use of these data was provided by the Institutional 
| Evaluation of dyspnea
Subjects reported their perception of dyspnea occurring during DL PA using the mMRC self-administered questionnaire, which was assessed at the time of evaluation. The mMRC questionnaire is a unidimensional assessment of how dyspnea/breathlessness limits activity and affects functional ability, employment (disability), quality of life, and health status. 22 The questionnaire was developed in the 1950s by the Medical Research Council with the aim of detecting pneumoconiosis in coal workers, and was later standardized by Fletcher. 23 Since then, it has been validated in several chronic respiratory diseases, including asthma. 24 The five questions assess perceived breathlessness on a scale from 0 (not troubled by breathlessness except during strenuous exercise) to 4 (very severe dyspnea: too breathless to leave the house or breathless when dressing or undressing).
| Asthma control test (ACT)
The ACT survey is a self-administered questionnaire consisting of five items assessing asthma symptoms (daytime and nocturnal), use of rescue medications, and the effect of asthma on daily functioning. 25 Each item includes five response options corresponding to a five-point Likert-type rating scale. Responses for each of the five items are summed to yield a score ranging from 5 (poor control) to 25 (complete control). An ACT score > 19 indicates well-controlled asthma.
| Quality of life
The AQLQ comprises 32 items and is designed to identify the areas of functioning impaired by asthma in adult patients. 26 It measures four domains: activity limitation (11 items), emotional function (five items), exposure to environmental stimuli (four items), and symptoms (12 items). The patient describes his/her experience with each domain in the previous 2 weeks, using a seven-point scale (1, severely impaired to 7, not impaired at all). Higher scores indicate better quality of life.
| Evaluation of anxiety and depression
The HADS questionnaire was designed to identify and quantify the two most common forms of psychological disorders in medical patients, anxiety and depression. 27 Both subscales range from 0 to 21, with a score of ≥8 indicating clinically relevant symptoms.
| Statistical analysis
Statistical analysis was performed using SAS statistical software, ver- 
| RESULTS
The characteristics of the patients and healthy control subjects are summarized in Table 1 . The two groups were comparable in terms of sex, age, and smoking status, whereas patients had significantly lower FEV 1 , FVC, and FEV 1 /FVC ratio than the healthy controls (mean ± SD:
82 ± 24 vs 104 ± 4% predicted, P < 0.001; 99 ± 18 vs 106 ± 3% predicted, P = 0.010; and 68 ± 15 vs 79 ± 2%, respectively, P < 0.001).
Patients with severe asthma were older than those with mild/moderate asthma (mean ± SD: 54 ± 16 vs 34 ± 11 years, P < 0.001) and had significantly lower FEV 1 (mean ± SD: 66 ± 24 vs 94 ± 15% predicted, P < 0.001), FVC (mean ± SD: 89 ± 17 vs 106 ± 15% predicted, As shown in Table 2 and Figure 1 , patients with asthma walked significantly fewer SPD than the control subjects (mean ± SD:
7651 ± 3755 vs 11704 ± 4054, P < 0.001) and spent significantly less time and effort in physical activities, as demonstrated by their lower total daily EE (mean ± SD: 2639 ± 555 vs 2746 ± 449 kcal/day, adjusted P = 0.007), lower EE ≥ 3 METs (mean ± SD: 642 ± 360 vs 852 ± 374 kcal/day, adjusted P = 0.041), and shorter time spent in at least moderate activity (mean ± SD: 120 ± 73 vs 189 ± 85 min/ day, adjusted P = 0.005).
As shown in Table 3 , none of the DL PA parameters were significantly different between the severe and mild/moderate asthma patient groups. However, for the whole patient cohort (n = 51), there
were strong correlations between all of the DL PA parameters (Pearson's r 0.56-0.95, P < 0.001 for all correlations), with the exception of a weak correlation between the number of SPD and total daily EE (r = 0.37, P = 0.008; Table 4 ). (Table S1 ). Interactions between age and FEV 1 , age and anxiety, and Table 5 ).
While total EE correlated with the mMRC score (r = −0.30, P = 0.03), we did not observe significant correlations between total EE and HADS anxiety score (r = −0.27, P = 0.058) or BMI (r = 0.26, P = 0.063). No significant interactions between these parameters and total EE were found. In multivariate analysis, only BMI and mMRC score remained significantly associated with the total EE (Table S2 ).
The EE from activity requiring ≥3METs showed no significant correlation with HADS anxiety score (r = −0.27, P = 0.057) or mMRC score (r = −0.25, P = 0.077), and there was no interaction between these two parameters. In multivariate analysis, neither parameter remained significantly associated with EE ≥ 3 METS (Table S3) .
No significant correlation was observed between the time spent in moderate activity (≥3 METs) and BMI (r = −0.25, P = 0.081), mMRC score (r = −0.24, P = 0.088), or HADS anxiety score (r = −0.24, P = 0.094). No interactions were found in bivariate analysis. In multivariate analysis, only mMRC score was significantly associated with the time spent in moderate activity (Table S4 ).
| DISCUSSION
The results of this study show that DL PA is decreased in adult patients with asthma, and that the number of SPD is associated with age,
FIGURE 1
Comparison of daily life physical activities in asthma patients and healthy control subjects. A, Number of steps per day; B, total daily energy expenditure; C, duration of physical activity ≥3 METs per day; and D, energy expended during physical activity ≥3 METs in healthy controls (n = 36) and asthma patients (n = 51). Errors bars indicate mean ± SD. Differences were analyzed using Student's t-test review of studies measuring physical activity in adults with an accelerometer determined that 3 to 5 days of monitoring were required to obtain reliable measurements. 29 In a recent study of COPD patients, physical activity was assessed over 10 days, and the data were evaluated from the last seven daily records. 30 The data presented here for asthma patients were collected over 5 consecutive days and were similar for weekdays and weekend days. Thus, the duration of data collection in our study is in line with the recommendation. Interestingly, the number of SPD walked by patients with severe asthma in our study was similar to that reported by Bahmer et al 8 and Cordova-Rivera et al for patients with severe asthma. 9 Most previous studies examining associations between physical activity limitations and asthma control used subjective measures of DL PA . Recently, van't Hul et al reported that a low level of habitual physical activity was associated with poor asthma control 10 ; however, the correlations between asthma control scores and physical activity were weak. Similarly, older adults with poor asthma control were nearly twice as likely as those with well-controlled asthma to have limitations in DL PA. 31 Our results are in agreement with a study with adolescent asthma patients demonstrating that physical activity levels
were not dependent on asthma severity. 32 Moreover, DL PA was not influenced by asthma control per se in our patient group. These results are in agreement with Yiallouros et al, who reported that schoolchildren (aged 8-9 years) with active or inactive asthma had similar levels of objectively assessed physical activity. 33 We found that impairment of FEV 1 , which is representative of the magnitude of bronchial obstruction in asthma, was associated with the number of SPD. Bahmer reported that FEV 1 and peak expiratory flow were poor markers of physical activity in asthma patients, and they also found that reduced DL PA was associated with impulse oscillometric airway resistance and small airway dysfunction, 8 which
was not evaluated in our study. Interestingly, no consistent association has been found between active lifestyle/physical inactivity and pulmonary function (after adjustment for confounding factors) in healthy subjects, lung-healthy adolescents, 34 or adult smokers. 35 In our study, the number of SPD was not associated with BMI, as previously reported for non-obese individuals. 36 However, we did detect a correlation between BMI and total EE, and this was stronger after adjustment for mMRC score. Total EE includes the EE not only during physical activity but also at rest. Resting EE is the sum of the energy expended by a fasted individual at rest in a thermo-neutral environment plus the thermic effect of feeding. Thus, body composition, ethnicity, physical fitness level, hormonal status, and multiple environmental factors can all influence total EE, 37 which might explain the correlation between total EE and BMI detected here.
The number of SPD is also influenced by non-physiological factors, including depression and anxiety. [38] [39] [40] [41] We found a significant correlation between SPD and depression and anxiety scores in our asthma patients, although, interestingly, only age, anxiety, and FEV 1 showed significant associations with the number of SPD. Similarly, Vermeulen et al recently reported that psychological burden was the major activity-limiting factor for asthma patients. 42 According to Herrmann, 43 it is unlikely that age affects HADS scores. Indeed, a recent study of 176 Chinese asthma patients found that age did not have a major influence on anxiety. 44 DL PA is significantly lower in depressed compared with non-depressed COPD patients, 45 and anxiety is highly prevalent among asthma patients, [46] [47] [48] where it is associated with more exacerbations, 49 more hospital readmissions, 50 and poorer asthma control. 51, 52 The molecular mechanisms responsible for anxiety are not well understood and might involve abnormal neural processing of stimuli. 53, 54 Therefore, it is possible that asthma patients avoid exercise for fear of triggering symptoms, 55 which leads to a sustained overall aversion to exercise. 56 Studies of patients with other chronic diseases have failed to demonstrate that increases in DL PA can reduce symptoms of anxiety and depression. [57] [58] [59] However, it remains to be determined whether treatment for anxiety (medication or supportive psychotherapy) can increase DL PA in asthma patients. Encouragingly, two studies reported that asthma patients participating in a pulmonary rehabilitation program were able to increase their physical activity without exacerbating asthma, and in fact, it significantly improved their quality of life. 60, 61 However, anxiety and depression were not evaluated in those studies.
The main limitation of our study is the small sample size. Therefore, we may have overlooked several interactions/associations due to inadequate statistical power. In addition, we acknowledge that we cannot exclude a degree of overfitting in the multivariate analyses given the number of variables analyzed. Further larger studies are warranted to confirm our findings.
| CONCLUSIONS
Age, anxiety, and FEV 1 are associated with the number of SPD in patients with asthma, who show reduced DL PA compared with healthy subjects. Addressing anxiety should be further studied as way to attempt to increase physical activity in patients with asthma. 
